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Abstract 
 
An analysis of thermal balance and daylight level in building residential zones is presented in the article. The 
evaluation is focused on influence of façade thermal insulation layers and multi glass pane windows on reduction of 
solar gains and daylight level in internal spaces. The evaluation was carried out as a computer simulation study run 
in software DesignBuilder. The simulation outputs provided information about optimal façade design for energy 
efficiency and convenient daylighting in buildings under temperate climatic conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
 
Trends in building industry towards energy efficiency have positive influence on reduction of energy 
consumption in buildings [1,2]. Thermal and visual comfort has high importance for new buildings design 
and retrofit of existing ones. The aspects need be considered in early design stages of building projects 
[3,4]. High insulation quality of building envelopes lead to design of peripheral walls and roofs with 
additional thermal insulation layers and windows with double or triple glazed units which are used for 
many residential and commercial buildings [5]. Sustainable building design requires energy efficiency 
and indoor climate comfort [6,7]. It practically means that the building energy savings need to be considered 
carefully together with design requirements to all aspect of indoor environment. The  problem 
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of coupling of thermal and daylight evaluation was solved in research focused on thermal performance 
and natural ventilation and daylighting [8,9] or in studies of one window size and shading effect [10,11]. 
Despite of improvements in glazing and framing quality modern windows represent thermal bridges in 
buildings. Window design for highly insulated façades requires solution of many problematic details at 
window sill and jambs. These details can be solved with additive layers of thermal insulation around the 
window perimeter. This solution can be positive from thermal solution point of view but in many cases 
insulation layers create obstructions for solar radiation transmittance [12]. 
Computer simulations are convenient for building optimization toward the constructional design and 
building services as well as indoor climate and energy efficiency [13,14]. Coupling of both the thermal 
and daylight evaluations due to computer simulations is a reasonable concept for the façade and window 
design strategy. The DesignBuilder [15] simulation study is focused on evaluation of influence of thermally 
insulated façade on energy efficiency and daylighting in several residential zones. 
 
2. Assignment of Building Zones 
 
The comparative study of thermal and daylight analysis in rooms of a common residential building was 
carried out. The study was focused on evaluation of façade thermal insulation and windows quality and 
their influence on the heat losses and solar gain and daylight level. The study was completed on way of 
design model simulated in software DesignBuilder, version 3.4.041 [15]. Simulations were run for a 
residential area divided into four identical zones - rooms of floor area 14.6 m2, per each, the zone 
clearance height is 2.6 m. Every zone has two windows – located in its external walls (windows  position 
is in the middle of external walls), Figure 1. The total area of windows per one zone is 2.5 m2. 
External walls of the zones were designed into different thermal insulation and  window glazing thermal 
properties, Table 1. A contact thermal insulation layer on the masonry influences the overall heat transfer 
coefficient U [Wm-2K-1] of the external wall. The layer of extruded polystyrene (EPS) was selected in 
several thicknesses for the façade thermal insulation and elimination of heat losses of the studied zones. 
Windows were also designed in adequate quality to the thermally insulated façade. Window glazing was 
selected into two options in dependence on thermal insulation properties as double and triple glazed units, 
Table 2. 
Window frames of all windows are positioned on the external side of the masonry and the thermal 
insulation layer overlaps the whole window perimeter. Simulations were completed in the several 
combinations of façade insulation and window glazing. The design combinations were selected in 
accordance with standard recommendations for thermal protection of buildings in the region with temperate 
climate [16]. Other constructions on every zone's envelope are roof separating partitions and horizontal 
floor structures of upper and lower floors with the same indoor temperature as in zones. 
 
Table 1. Design combinations of thermal insulation layers and windows. 
 
Facade thermal insulation - EPS 45 mm 70 mm 100 mm 135 mm 200 mm 245 mm 300 mm 400 mm 
U [Wm-2K-1] of masonry + EPS 0.30 0.25 0.21 0.18 0.14 0.12 0.10 0.08 
Window glazed unit DGU DGU DGU TGU TGU TGU TGU TGU 
Recommended for buildings [16] Common 
buildings 
Low energy buildings Passive buildings Nearly zero energy 
buildings 
 
 
3. Simulation Results 
 
The energy balance of solar gains and heat losses and also daylight level were studied with respect to 
the individual zone and its orientation. The study was completed for the location in the region with 
temperate climatic conditions, in the central Europe, Prague at latitude 50°. The heating season from 
October to March was considered for the heat losses and heating energy demands, in total 250 days per 
heating season, it means 6000 hours for permanently heated buildings. Indoor temperature is Ti = 20 °C in 
all zones. Annual balance of energy demand for heating considering heat losses and solar gains were 
simulated. The simulation study gives results for a comparison of influence of the insulated peripheral 
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Zone 1 
Zone 4 
walls and windows on heat losses and solar gains in kWh/year and average Daylight Factor [20, 21] as a 
percentage of average internal illuminance related to external horizontal illuminance for overcast sky 
conditions. 
 
Fig. 1. Zones 1, 2, 3, and 4 with windows in the thermally insulated envelope. 
 
Orientation of windows gives better solar gains to Zone 1 and Zone 2 compared to other zones with 
windows facing to the North. Results for individual zones are presented in Figure 2 for variations with 
thickness of thermal insulation (EPS) from 100 to 400 mm. The Daylight Factor reduction in dependence 
on the thickness of the façade thermal insulation layer is obvious. The thermal insulation layer increased 
by 300 mm together with better windows reduces the Daylight Factor in zones about forty percent. 
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Fig. 2. Comparison of solar gains, heat losses and average Daylight Factors in Zone 1, 2, 3 and 4. 
Table 2. Window properties [19,20,21]. 
Window glazing: 
DGU – double glazed unit: 
Ug = 1.1 Wm-2K-1, solar factor g =0,56, light transmittance Wv= 0,78, 
TGU – triple glazed unit: 
Ug = 0.5 Wm-2K-1, solar factor g =0,47, light transmittance Wv= 0,69, 
Windows frame Uf = 1.0 Wm-2K-1 
Zone 1 (Zone 2) 
1,20% 
1,00% Facade Solar Heat Daylight 
insulation gain loss Factor 0,80% 
and glazing kWh/year % 
0,60% 100 mm 
EPS, DGU 572 453 1.12 
400 mm 
0,20% EPS, TGU 331 306 0.65 
Reduced by 42 % 32.5 % 42 % 
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Daylighting in the zones was simulated in for date of 21st March and time 10:00 in two alternatives of 
daylight external conditions: firstly for overcast sky conditions with average external horizontal 
illuminance of 10,000 lux and secondly for sunny sky conditions. Daylighting in zones were simulated for 
daylight factor DF [%] distribution for the overcast sky [15,20,21] and for internal illuminance in lux 
simulated for clear sky [20,21]. Daylighting was evaluated for a working plane in position of 0.85 m over 
the zones floor level. The daylight simulation models were completed for the following inputs: external 
surfaces - dark ground of reflectance 0.1 [21], no external obstructions. Internal surfaces reflectance [21]: 
walls 0.5, floor 0.3, soffit 0.7, no internal obstructions and furniture. 
The average daylight factor requirement in accordance with BS 8206-2 [20] is 1.5 % for living rooms in 
residential buildings. Standard [21] gives design recommendations for side-lit rooms with visual activities 
as writing and reading for minimal daylight factor 1.5 %. For this reason a part of every zone where 
daylight factor DF t1.5 % was considered as a daylit area in this study. 
 
 
Fig. 3. Daylight level on the working plane in Zones 1, 2, 3 and 4, simulated in DesignBuilder for the 21st March, 10:00, location Prague. 
a) Overcast sky conditions - peripheral wall with 45 mm external insulation (EPS) and windows with double glazed units (DGU). 
b) Clear sky conditions - peripheral wall with 45 mm external insulation (EPS) and windows with double glazed units (DGU). 
c) Overcast sky conditions - peripheral wall with 300 mm external insulation (EPS) and windows with double glazed units (DGU). 
d) Clear sky conditions - peripheral wall with 300 mm external insulation (EPS) and windows with double glazed units (DGU). 
[%]
[%] 
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The daylight distribution is similar for all zones for the overcast sky conditions because of diffusive 
daylight but the daylight illuminance level is decreased in dependence on thickness of the façade insulation 
and type of window glazing. This effect is presented in comparison of DF [%] colour scales selected from 
simulations for Zone 4, Figure 4. 
 
Fig. 4. Daylight level in Zone 4, overcast sky, 21st March, 10:00, 
a) 100 mm EPS, DGU, b) 200 mm EPS, TGU, c) 300 mm EPS, TGU, d) 400 mm EPS, TGU 
 
The clear sky simulations give result with uneven distribution of 
illuminance on the working plane because of different orientation has 
influence on the solar gains [21]. In case of sunny sky minimal 
illuminance t150 lux was selected as a criterion for the well daylit area 
in individual zones, Figure 5 (21st March, 10:00). Thermal insulation 
influence on the daylit area is also evident in this case. 
The zone daylit area on the working plane with daylight factor DF   !
1.5 % determined for overcast sky conditions compared to the heating 
energy in kWh per heating season for individual solution of façade 
insulation is shown in Figure 6. The heating energy reduction due to the 
thermal insulation of the studied building zones in given climatic 
conditions is efficient for the thermal insulation thickness up to 150 – 
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4. Conclusions 
 
The evaluation was focused on an analysis of façade thermal insulation and window quality influence 
on reduction of solar gains and daylight level in internal residential zones. Buildings with thermally 
insulated envelopes and multi glass pane windows are recommended for energy efficiency. The massive 
thermal insulation has positive influence on reduction of heat losses but it creates obstructions for solar 
gains and daylight access into interiors. It was proven that more than 300 mm of thermal insulation layer 
overlapping the windows and in combination with triple glazed units could diminish daylight level in the 
studied interior by forty percent. The façade thermal insulation can be efficient up to thickness of about 
150 - 200 mm. The insulation layers of thickness more than 200 mm represent in the given climatic 
conditions less efficient solution because solar gain reduction. An oblique cut of thermal insulation layer 
around the window perimeter can be a partial solution for better transmittance of solar radiation. On the 
other hand the diminished parts of façade thermal insulation can bring problems with thermal bridges. 
The coupling of thermal and daylight analysis in early stages of building design could be useful for 
optimization of energy efficient occupancy together with indoor thermal and visual comfort for habitants. 
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